
ACTION OF COLD CONCESTRATED HYDROCHLORIC ACID, ETC. ‘2053 

CXC1.-The Action of Cold Concentrated Hydro- 
chloric Acid on Starch and Maltose. 

By ARTHUR JOHN DAISH. 

WILLSTXTTER and Zechmeister (Ber., 1913, 46, 2401) have shown 
that whereas ordinary concentrakd hydrochloric acid (37.6 per 
cent. HC1) acts on cellulose a t  the ordinary temperature relatively 
slowly, fuming acid (D 1*204-1-212; 39.9 to 41.4 per cent. HCl) 
dissolves cellulose within a few seconds and rapidly hydrolyses it, 
first to  cellobiose acd finally to dextrose. After twenty-four hours 
the yield of dextrose is nearly quantitative. As the present methods 
of estimating cellulose in plant material are of a highly empirical 
character, i t  seemed probable that fuming hydrochloric acid might 
be applied with advantage to this purpose; it would, however, be 
necessary to allow for the sugars formed from the starch and 
pentosans present. There would be no difficulty in this, at3 methods 
for estimating these substances with a fair degree of accuracy 
already exist. As the action of the fuming acid on starch and 
maltose has not yet been studied, a series of experiments was first 
made in this direction, and the results are here recorded. The 
velocity of hydrolysis of starch and maltose by fuming hydrochloric 
acid is dealt with in a separate paper (p. 2065). 

When starch is left in contact, duqing several days, with dilute 
hydrochloric acid (7.5 per cent. HC1) it is converted, without dis- 
solving, into the eo-called “soluble starch ”; when heated with very 
dilute hydrochloric acid for several hours, dextrose is formed. The 
latter process has been applied very widely rn a means of astimat- 
ing starch, although the fact that  a considerable quantity of dex- 
trose is destroyed renders such a method useless when any degree 
of. accuracy is required (Davis and Daish, J ,  .4yric. Sci., 1914, 6, 
152). Early workers generally regarded the dextrose as formed 
directly from starch, and therefore looked upon the action of acids 
as essentially different from that of the enzyme diastase, the pro- 
longed action of which on starch gives mainly maltose. Flourens, 
for instance (C’ompt. rend., 1890, 90, 1204), and Lintner and Dull 
(Bey . ,  1895, 28, 12) denied that m a l h  is formed a t  all by the 
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2054 DAISH: THE ACTION OF COLD CONCENTRATED 

action of acids on starch. Oc the other hand, Weber and Mac- 
phemon ( J .  Amer. Chem. SOC., 1895, 17, 312) showed the presence 
of considerable quantities of maltose in the commercial “ glucose ” 
manufactured by the action of acid on starch, whilst the analytical 
values obtained by Rolfe and Dsfren (J .  Anzer. Chem. Soc., 1896, 
18, 869) for starch transformations carried out in the autoclave 
with N/10- to N/lOOO-acids indicated the presence of 44 per cent. 
of maltose in a conversion carried to the point corresponding with 
that usual in the manufacture of “glucose,” namely, when [aID of 
the product is about 129O. The rest of the material seemed to  
consist of a mixture of dextrin and dextrose in nearly equal propor- 
tions. Rolfe and Haddock ( J .  Amer. Chem. SOC., 1903, 25, 1015) 
subsequently isolated maltosazone from a starch transformation by 
acid, and quite recently Fernbach and Schoen (Bull. SOC. chim., 
1912, [iv], 11, 303) also isolated maltosazone from the product 
obtained by hydrolysing starch paste with different acids.* 

There is, therefore, at the present time, no reason for considering 
the action of acids on starch as essentially different from that  of 
enzymes a6 regards the series of products formed. These are app& 
rently soluble starch, dsxtrins, maltose, and dextrose. With ordin- 
ary diastase, maltose is the final product; with taka-diastase, which 
contains maltase, increasing quantities of dextrose are formed as 
the action proceeds, until a species of equilibrium is reached, when 
about 85 per cent. of dextrose and 15 per cent. of maltose are 
present (Davis and Daish, Zoc. ci t . ) .  The results now recorded, 
obtained wit’h cold concentrated and fuming hydrochloric acid, may 
all be explained on similar principles. The main difference is, that  
with fuming hydrochloric acid the earlier stages, in which soluble 
starch, dextrin, and maltose are formed, are passed through very 
rapidly, so that, for  example, with hydrochloric acid of D 1.210, 
86 per cent. of the theoretical quantity of dextrose has been formed 
after so short a time, as one hundred and thirty-five minutes. Mal- 
tose is hydrolysed to dextrose by the fuming acid not much more 
rapidly than starch itself; so that although acid of this concen- 
tration undoubtedly decomposes starch to maltose with extreme 
rapidity, the rate of production of dextrose is I imitd by the rate of 
hydrolysis of the maltose. As dextrose is formed, the specific 
rotatory power of the product falls continuously, until finally the 
valu0 is the same as that of dextrose in acid of the same concentra- 
tion. A t  the same time the reducing power gradually increases 
until it is the 6arne as that  of dextrose under the same conditions. 

* Xluyver (Biochonischc Stcikeerbepalingen, Leiden, 1914) has made a series of 
analyses of commercial glucose syrups, prepared from starch, by the use of 
discriminating yeasts and finds froin 15 to 20 per cent. of maltose to be present in 
such products. 
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HYDROCHLORIC ACID ON STARCH AND MALTOSE. 2055 

When ordinary malt diastase is used t o  hydrolyse starch paste 
the dextrin stages are passed through relatively slowly; the amount 
of maltose formed progressively increases, but no dextrose is pro- 
duced. With takadiastase, holwever, dextrin disappears very 
rapidly, and even with small quantities of the enzyme (0.1 gram) 
after about three hours in the case of a 1 per cent. solution of 
starch, the product consists of maltose and dextrose only. As the 
dextrose increases in amount the maltose proportionately dimin- 
ishes, so that  there is little doubt that  the former is produced at  
the expense of the latter. There is no evidence for the view that 
the dextrose is formed in these circumstances directly from the 
starch (compare Davis, J .  SOC. Dyprs, 1914, 30, 249). I n  the same 
way the data obtained for the velocity of the action of fuming 
hydrochloric acid (p. 2065) are best interpreted by the view that the 
dextrose is formed from maltose produced as an intermediate 
product in the action. 

Willstatter and Zechmeister (Zoc. ci t . )  have called attention t o  
the extraordinarily high values of the specific rotatory power of 
dextrose obtained in fuming hydrochloric acid solutions. Thus 
when dextrose is dissolved in acid of D 1.210 after about twenty 
minutes, = 1 16*1° ( c =  1-11>, the ordinary value for an 
aqueous solution of dextrose being [a]E 5 2 . 7 O .  It is probable (Davis, 
Toc. cit.) that  this great change of rotation, which takes place with 
extreme rapidity, a nearly constant value being obtained after a 
few minutes, is due to the transformation by the fuming acid of 
the whole, or nearly the whole, of the dextrose into the a-form, the 
specific rotatory power of which in aqueous solution is generally 
taken as about l l O o .  It has been shown recently that even in dilute 
aqueous solution the presence of neutral saltcr and of substances 
such as the alcohols, causes very considerable changes in the equili- 
brium existing between the two stereoisomeric forms of a hexose 
sugar (Walker, Proc. Roy .  Soc., 1913, A ,  88, 246; Worley, ibid., 
439). The effect of the fuming hydrochloric acid is apparently t o  
convert the fl-dextrose, with [a], + 20°, existing in the equilibrium 
inixture of a- and &dextrose which is present in an aqueous solu- 
tion of dextrose ([aI1, 52.7O), largely into the a-form, having a high 
rotation. 

Worley (T., 1911, 99, 349) has drawn attention to  one of the 
difficulties which arises in following exactly by means of the polari- 
mebr  the course of hydrolysis of polysaccharides by acids, owing t o  
the dilute acid causing an alteration in the polarimetric end-point 
after the actual hydrolysis is complete. An example is given of a 
solution containing 1 molecular proportion of sucrose, 1 of hydro- 
gen chloride, and 40 of water (approximately 50 per cent. summe 
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2056 DAISH: THE ACTJON OF COLD CONCENTRATED 

solution and 5 per cent. hydrochloric acid); the reading was found 
to rise after the lowest value was reacheld from 161'20O to 161.335O 
during about fifteen hours. With invert-sugar i t  might be thought 
that  the rise of the reading is due to a destruction of the lzxulose 
present, as the latter is known to be readily destroyed by hydro- 
chloric acid (compare Davis and Daish, J .  Agric. Sci., 1913, 5, 437). 
The experiments nolw recordeld, however, show that  a similar change 
takes place in dextrose even in a 1-11 per cent. solution of the sugar 
in the presence of concentrated or fuming hydrochloric acid. I n  
spite of the low concentration of the sugar, the change is far 
greater than when dilute acid is used. Thus in acid of D 1.163, 
which gave a value f o r  dextrose after ten minutes of [u]g 63*61°, 
and after forty minutes [a]hO 63'73O, a value 65*84O was obtained 
after seventy-two hours. This change of rotation must be distin- 
guished from the ordinary mutarotation change, which in concen- 
trated acid is complete after it few seconds. As the rotation rises 
the reducing power of the solution falls, so that  with ordinary 
hydrochloric acid after ninety-six hours it is 92.5 per cent. that  of 
dextrose. A similar phenomenon is observed in the case of the 
fuming acid (D l . Z O l ) ,  but  i t  is more difficult to follow, as in this 
case actual destruction of dextrose soon occurs (after about six 
hours), which masks the rise of rotatoiy power. The destruction 
becomes evident by the solution turning more or less yellow. 

The rise in the specific rotatory power and the simultaneous 
diminution of reducing power of dextrose in the presence of hydro- 
chloric acid is probably due to a synthetic action occurring, accom- 
panied by the formation of a di-(or poly-)saccharide. Emil Fischer 
(Ber., 1890, 23, 3687) obtained by the action of hydrochloric acid 
on a concentrated solution of dextrose a new glucobiose, to which he 
gave the name isomaltose. This was obtained when dextrose was 
dissolved in four times its weight of concentrated hydrochloric acid, 
and the mixture left for fifteen hours at 10-15O. The yield was 
2-5 per cent. of the theoretical. More recently von Friedrichs 
(Arkiv.  Kern. Mi?&. Geol., 1913, 5, No. 4), working under somewhat 
similar conditions, states that  the product after twenty-f our hours 
consists of 68 per cent. of dextrose, 18 per cent. of isomaltose, 
8 per cent. of maltose, and 6 per cent. of unknown polysaccharides. 
I n  these experiments the sugar solutions were relatively concen- 
trated. In those recorded in the present paper it is a striking fact 
that  synthetic action still takes place, a t  the ordinary temperature, 
when the concentration of dextrose is so low as 1 per cent. 

The gradual formation from dextrose under the influence of 
fuming or concentrated hydrochloric acid of a disaccharide having 
a higher rotatory pw0r  and a lower reducing power than dextrose 
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HYDROCHLORIC ACID ON STARCH AKD MALTOSE. 2057 

explains the fact that the hydrolysis of maltose or starch, when 
complete, calculated from the rotation, always seeme greater by 
about 5 to 7 per cent. than when calculated from the reducing 
power. A similar fact was observed in the case of cellulose by 
Wllstatter and Zechmeister, who, however, considered that  in 
1 per cent. solution of dextrose in fuming hydrochloric acid no 
isomaltose is formed, on finding that in such acid dextrose 
appeared t o  retain €or more than forty hours the same specific 
rotatory power.* This apparent constancy of the specific rotatory 
power is, however, due to  the fact that  the gradual destruction of 
dextrose (after twenty-five hours the solution has become decidedly 
yellow) masks the rise of the rotatory power which undoubtedly 
occurs (see p. 2058). The values given (below and pp.2058, 2059) 
show very clearly that both with ordinary and fuming hydrochloric 
acid a rise of specific rotatory power of dextrose occurs, accompanied 
by a falling off of the copper reducing power. A certain amount of 
synthesis therefore occurs even in so low a concentration of dextrose 
as 1 per cent. 

The fact that  small quantities of a carbohydrate other than 
dextrose are formed by the action of fuming hydrochloric acid on 
cellulose and starch militates against the use of this acid as a 
means of quantitatively estimatiiig cellulose even if actual destruc- 
tion of dextrose were avoided. 

EXPERIMENTAL. 

Specific Rotatory Power of Dextrose in Furriiitg Hydrochloric Acid 
(Dl34 1.210). 

The fuming acid was prepared by saturating the ordinary con- 
centrated hydrochloric acid with gaseous hydrogen chloride at 13O. 

Experimeizt 1.-1.1100 Grams of anhydrous dextrose, dried in a 
vacuum a t  1 0 5 O ,  were dissolved in slightly less than 100 C.C. of the 
fuming acid, and the volume was made up to  100 C.C. a t  1 5 O .  The 
sugar was completely dissolved in nine minutes. The solution was 
examined in a 2-dcm. jacketted tube at 16*3* to 1 7 O .  The tube 
was closed with an indiarubber stopper to avoid loss of hydrogen 
chloride : 

* “ Ueherraschend ist es, dass die Ausbeute an Glucose bei unserer Salzsaure-Methode 
nicht durch Bildung von Isomaltose herabgedriickt wird. Wir finden nun dass 
ihre Bildung nur in der von E. Fischer angewandten konzentrierten Glucose- 
losung erfolgt ” (Ber., 1913, 46, 2403). Ost (Ber., 1913, 46, 2995) has suggested 
that with 3 per cent. or more of dextrose “ reversion” to isomaltose 
mizht be expected in the presence of fuming hydrochloric acid ; the results here 
given show that it actually occurs even in 1 per cent. solutions of dextrose. 
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2058 DAISH: THE ACTION OF COLD CONCENTRATED 

Time after 
solution started, 

in minutes. 
?J* 3-17 

23 ............... 2.578" 116.1" 
360 ............... 2.584 116-4 

The reducing power of the solution was observed a t  intervals by 
diluting 10 C.C. portions of the solution with water, neutralising 
exactly with solid sodium carbonate, and treating with Fehling's 
solution under Brown, Morris, and Millar's conditions (T., 1897, 
71, 72):  

Time after Dextrose Dextrose 
solution started. Mean CuO, calculated, found, 

29 minutes .................. 0.2747 0.1086 97.85 
5 hours .................. 0.2710 0.1070 96.4 

gram. gram. per cent. 

234 3, .................. 0-2667 0.1052 94.7 

After twenty-three and a-half hours the solution had become quite 
yellow, showing that  clecompxition of the dextrose had occurred. 

Experiment 2.-1*9451 Grams of pure dextrose, dried in a 
vacuum a t  105O, were dissolved in the fuming acid (D 1*210), and 
the volume was made up to 100 C.C. a t  15O. Ths sugar was com- 
pletely dissolved in fifteen mirutes. The solution was examined in 
a 2-dcm. tube a t  16-16.5O: 

Time after 
solution started, 

in hours. a,. [a]:-16'5.  

14 ............... 4.459" 114.65" 
4& ............... 4-453 114.44 

Ten C.C. portions were withdrawn as before: 
Time after Dextrose Dextrose 

in hours. gram. gram. per cent. 
solution started, Mean CuO, calculated, found, 

l$ ........................... 0.4457 0.1886 96.99 
25& (solution yellow) ...... 0,4326 0.1812 93-2 
39t (solution quite yellow) 0.4304 0.1801 92.6 

Care must be taken in the above experiments in neutralising the 
hydrochloric acid with sodium carbonatre to avoid any considerable 
rise in temperature. If sodium hydroxide is used, the local 
development of heat generally brings about marked decomposition 
of the sugar. 

Experiment 3.-A slightly less concentrated fuming hydrochloric 
acid was used (D15 1.201); 1.1111 grams of anhydrous dextrose 
were dissolved in the acid, and made up to 50 C.C. at 20°. The 
solution was examined in a 220-mm. tube at 20°: 

Time from start. a,. [aJF'O. 
15 minutes ......... 4.660' 95-3" 
3 hours ......... 4.688 95.9 
6& hours ......... 4-698 96.1 
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HYDROCHLORIC AClD ON STARCH A N D  MALTOSE. 2059 

After 6ix and a-quarter hours readings were not taken, as the 
decomposition of the sugar masked any rise in the specific rotatory 
power. It was a t  first thought that  the low results obtained for 
the dextrose calculated from the values for the reducing power were 
due to an influence exerted on the latter by the large amount of 
sodium chloride present in the solution after neutralising the hydro- 
chloric acid. Direct experiments were therefore made with a S O ~ U -  

tion of dextrose, to which the same proportion of sodium chloride 
was added as was present in the actual solutions worked with 
(6'6 grams of sodium chloride in 100 C.C. during the reduction). 
It was found that the presence of the sodium chloride made no 
perceptible difference. Thus, for instance, when 0.1513 gram of 
dextrose was taken, 0*1502 gram of dextrose was found, or 99.3 per 
cent., a result almost within the limit of experimental error of the 
method. 

From the above tables the extraordinary influence on the specific 
rotatory power of dextrose of a slight increase in the concentration 
of the fuming hydrochloric acid becomes apparent. Using acid of 
D 1.201 (39.3 per cent. HCl), the specific rotatory power of freshly 
dissolved dextrose is about 95.5O. With acid of D 1.210 (41.0 per 
cent. HCl) for a 1-2 per cent. solution, the specific rotatory power 
of d e x t r w  may be taken as [a]k6-17 115O. It is very nearly 
constant during the short periods of one to two hours which are 
necessary to bring about complete hydrolysis of starch or maltose 
to dextrose, but even after one and a-quarter hours the values given 
above for the reducing powers show that  marked synthetic action 
on the dextrose has actually occurred, and after three hours the rise 
of specific rotatory power shows that this change is still taking 
place. The following figures obtained with the ordinary concen- 
trated hydrochloric acid (D15 1.163) show this action even more 
distinctly; with this strength of acid it is possible to  follow the 
action for longer periods without marked decomposition of the 
dextrose occurring, such as masks the change in the case of the 
fuming acid. 

Action of Or&mry Conce&ru,ted Hydrochloric Acid (D 1.163) 
on Dextrose. 

Ser ies  1.-1.1111 Grams of dextrose, dried in a vacuum a t  105O, 
were dissolved in concentrated hydrochloric acid (D 1*163), and the 
volume made to' 50 C.C. at ZOO. The solution was examined in a 
220-mm. tubs at ZOO: 
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Time from start. UD Eal? 
10 minutes ...... 3.110' 83-61' 
40 ........... 3.116 63-73 

2 hours ......... 3.118 63.77 
48 ........... 3.217 65.80 
72 y y  ......... 3.219 65.84 

Se&s 2.-5*0286 Grams of anhydrous dextrose were dissolved in 
concentrated hydrochloric acid (D 1*163), and the volume made up 
to 200 C.C. at  15O. The solution was examined in a 220-mm. tube 
a t  15O. Portions of 25 C.C. each were withdrawn a t  intervals, 
neutralised with solid sodium carbonate, and made up to  200 C.C. 

a t  15O, 50 C.C. portions being then taken for the reducing-power 
determinations ( = 0.1571 gram of dextrose) : 

CuO from Dextrose 
50 c.c., found, Dextrose, 

Time from start. a, [a]L5'0 grams. grams. per cent. 
34 minutes ......... 3.482" 62.96' 0.3793 0.1553 98.85 
234 hours ......... 3.612 65.31 0.3686 0.1506 95-85 
474 ,¶ ......... 3.615 65.37 0.3619 0.1473 93.77 

9 5 i  ,, ......... 3.630 65.64 0.3580 0.1453 92.5 
714 ,, ......... 3.627 65.58 - - - 

Even after ninety-six hours the solution had only just begun t o  
show signs of decomposition, a faint yellow coloration being pro- 

With the fuming acid this occurs after twelve hours to a 
very marked degree. 

. duced. 

Action! of Fuming HyCErochZoric Acid on Starch. 

Experiment 1 . 4 . 9 2 7 6  Gram of purified potato starch, dried in 
a vacuum a t  130° over phosphoric oxide, were dissolved in the 
fuming acid (D 1.210) and the volume made up to 100 C.C. a t  15O. 
The starch very rapidly passed into solution, being first gelatinised 
and then dissolved. The solution was somewhat cloudy at first, but 
this soon cleared. The above weight of starch should yield 1.031 
grams of dextrose. 

The solution was examined in a 2-dcm. tube a t  15.8-16*1°: 
Time after 

solution started. a,. Lag6 Remarks. 
17 hours ..................... 4.330" 113.00" Solution yellow. 

The reducing power of 10 C.C. was ascertained after eighteen 
hours : 

Dextrose Dextrose 
Mean CuO, found, found, 

gram. gram. per cent. 
0.2467 0.0970 94.1 

Experiment 2.-1*9172 Grams of anhydrous starch were dissolved 
in slightly less than 200 C.C. of fuming acid a t  15O, and the volume 
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HYDROCHLORIC ACID ON STARCH A N b  MALTOSE. 2061 

was made up to exactly 200 C.C. a t  that  temperature. 
was completely dissolved in eighty minutes. 
starch should yield 2.130 grams of dextrose. 
examined in a 2-dcm. tube at 15-16.3O: 

The starch 
The above weight of 

The solution was 

Time after solution start,ed, 
in minutes. au. 

85 .................. 3.104" 
114 .................. 2.872 
196 .................. 2.580 
319 .................. 2.497 
454 .................. 2.473-solution becoming yellow, 

Taking the value observed when the solution is first becoming 
yellow, namely, 2'473O, and calculating on the theoretical weight 
of dextrose, 2.130 grams, we have [~zlr-'~'~ 116'1°, which shows a 
practically complete conversion of the starch to  dextrose. 

Experimerrt 3.-2.4147 Grams of anhydrous starch were dissolved 
in fuming acid (D 1.210), and the volume was made up to 200 C.C. 

a t  15O. The starch was completely dissolved in two hours. The 
above weight of starch should give 2.6835 grams of dextrme. 

The solution was examined at  intervals in a 220-mm. tube at 
16-17': 

Time after solution started, 
in minutes. a,. 

125 .................. 3.861" 
265 .................. 3.459 
400 
605 .................. 3-424 

.................. 3.430 --solution turning yellow. 

Taking the value observed of 3'430°, we have [u]~~- ' '  116'2O. 
Portions of 10 C.C. each were withdrawn a t  intervals, neutralised 

with solid sodium carbonate, and the reducing po,wer was deter- 
mined : 

Time after 
solution started, Mean CuO, 

in minutes. gram. 
135 .............................. 0.2770 
270 .............................. 0.3107 
410 .............................. 0-3135 
600 .............................. 0.3132 

1895 .............................. 0.3108 

Dextrose 
found, Dextrose, 
gram. per cent. 
0.1095 85.6 
0.1240 92.44 
0.1252 93.3 
0.1251 93.23 
0.1240 92.44 

The above experiments show that whereas the specific rotatory 
power of the product is practically identical ([a], 116O) with that 
of pure dextrose in hydrochloric acid of the same concentration, so 
that  the conversion is practically 100 per cent., the value found 
for the latter from the reducing power of the product, calculated 
by the ordinary tables, is about 7 per cent. low. This is un- 
doubtedly due, as explained above (p. 2057), to the action of the 
hydrochloric acid on the d e x t r m  itself, giving rise t o  a di- or poly- 
saccharide (isamaltose). 

VOL. cv. 6 s  
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Action of Fuming Hydrochloric Acid on Maltose. 

1.0363 Grams of maltose dried at 100-105° in a vacuum over 
phosphoric oxide were dissolved in fuming acid (D15 1*210), and 
the volume was made up t o  100 C.C. a t  15O. The sugar was com- 
pletely dissolved in thirteen minutes. The above weight of maltose 
should give 1.094 grams of dextrose. 

The solution was examined in a 2-dcm. tube a t  15*5-16*5O: 
Time after solution started, 

in minutes. aD. 
22 .................. 3 ~ 5 6 1 ~  
77 .................. 2.819 

192 .................. 2.641 
357 .................. 2.504 
552 .................. 2.484 -solution turning yellow. 

Taking the last value, we have [a]k6'5-16'5 113'55O. 
Portions of 10 C.C. each were taken as before, and the reduction 

was estimated : 
Time after Dextrose 

solution started, Mean CuO, found, Dextrose, 
in minutes. gram. gram. per cent. 

573 ........................... 0-2635 0.1039 94.9 
49 ........................... 0.2069 Maltose still present. 

This experiment shows that maltose in 1 per cent. solution is 
almost as resistant to hydrolysis by fuming hydrochloric acid as 
starch itself under similar conditions, the action being complete 
after about six or seven hours at  15O. Exactly the same relation- 
ship between the specific rotatory power and reducing power of the 
product is observed as in the case of starch and dextrose. 

Action of Ordinary Concentrated Hydrochloric Acid on Starch. 

Pure hydrochlo'ric acid (D16 1,163) was used (=32.1 per cent. 
HCI). for dextrose (1.0401 grams in 
100 C.C. of this acid) was found to be 63.55O; after forty-eight hours 
i t  was 65.8O. 

Experiment 1.-3.5448 Grams of potato starch, dried in a 
vacuum at 130° over phosphoric oxide, were dissolved in concen- 
trated hydrochloric acid (D16 1'163), and the volume wits made up 
to 250 C.C. a t  that  temperature. The greater part quite readily 
dissolved, but some starch waa converted into a horny mas,  which 
only dissolved slowly. All the starch was, however, dissolved in 
two hours. The above weight of starch should give 3-9390 grams 
of dextrose. The solution was examined in a 2-dcm. tube at 
15.5-16-5O. 

The initial value of Cali5 

The solution was quite clear: 
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HYDROCHLOKlC AClB ON STARCH AND MALTOSE. 2063 

Time after Time after 
solution started, solution started, 

in hours. in hours. a,. 
1 7 i  .................. 3.137' 41 .................. 2.147' 
19k .................. 2.933 47 .................. 2-119 
229 .................. 2.671 49 .................. 2.091 
30 .................. 2.344 90 .................. 2.090 

Taking the value 2.090° and calculating on 3.939 grams of 
dissolved solid (as dextrose), we have 

Portions of 10 C.C. each were withdrawn a t  intervals, neutralised 
with solid sodium carbonate, and the reducing power was deter- 
mined : 

66'3O. 

Time after 
solution started, Mean CuO, 

in hours. gram. 
174 ........................... 0,2865 
23 ........................... 0.3204 
414 ........................... 0,3561 
663 ........................... 0.3642 

114 ........................... 0.3645 

Dextrose 
found, Dextrose, 
gram. Per cent. 
0.1135 72.04 
0.1283 81.4 
0.1445 91.7 
0.1486 94-3 
0.1488 94.4 

Experiment 3.-2*0480 Grams of dry potato starch were dibsolved 
in concentrated acid (D 1*163), and the voluine was made up to 
200 C.C. at 15O. The starch was slowly added to the acid so as t o  
f a d i t a t e  the solution, and wits completely dissolved in sixty-five 
minutes. The above weight of starch should yield 2.2755 grams 
of dextrose. 

The solution w a  examined in a 220-mm. tube a t  15'5-16'5O: 
Time after 

65 minutes ...... 4.354" 
solution started. a,. 

44 horns ......... 3.896 
12 ,, ......... 2.685 
23 ), ......... 2.000 
29 ,, ......... 1,842 

Time after 
solution started, a,. 

31 hours ......... 1.800" 
47 ,) ......... 1.677 

954 ,) ......... 1.664 
734 ,, ......... 1.682 

120a . . . . . . . . . . .  1.646 

Calculating for  the reading after one hundred and twenty hours, 
we have [u]: 65-7O. Portions of 10 C.C. each were taken as before, 
and the reducing power was determined: 

Dextrose 
Time after Mean CuO, found, 

solution started. gram. gram. 
86 minutes .................. 0.0360 0.0140 
42 hours .................. 0.0984 0.0382 

23 ), .................. 0.2371 0-0930 
48 0.1071 .................... 0-27 11 
96 ,, .................. 0.2791 0.1104 

122 ,, .................. 0.2772 0.1097 

Dextrose, 
per cent. 

12.3 
33.6 
81.7 
94.1 
97-0 
96.4 

These two experiments show that  after about fifty hours hydro- 
lysis of the starch is complete (100 per cent.), the value obtained 
for  the polarisation being the same as for dextrose in acid of the 
same concentration. The difference between the results by polari- 

e s 2  
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2064 ACTION OF COLD CONCENTRATED HYDROCHLORIC ACID, ETC. 

sation and reduction (about 6 per cent.) is again due to  the forma- 
tion of isomaltose. I n  experiment 2 the rotatory power remained 
constant between €he forty-seventh and seventy-third hour, but sub- 
sequently dwtruction of the dextrose by the acid took place, and 
the solution became decidedly yellow (compare Ost, Ghem. Zeit., 
1911, 35, 1125). 

Fuming hydrochloric acid (41 per cent. HCI) is seen to hydrolyse 
the starch more than ten times as rapidly as the ordinary concen- 
trated acid. 

L4 ction of more Dilute Hydrochloric Acid (D16 1.083; 
=16*7 per cent. HCI) on Starch. 

Experiment 1.-2.0564 Grams of dry potato starch were slowly 
added t o  about 200 C.C. of the acid at 15O. The starch was first 
gelatinised, and was dissolved in two and a-half hours. The above 
weight of starch should give 2.2849 grams of dextrose. 

The solution was too opalescent at first to be examined in the 
polarimeter, but afterwards the following readings were taken in a 
2-dcm. tube at 15'5-16*5°: 

Time after 
solution started, 

in hours. OD. 
22Q .................. 4.117 
46a .................. 4.092 
724 .................. 4.012 

Time after 
solution started, 

in hours. a n -  
11SQ .................. 3.930 
173% .................. 3.785 
192 .................. 3.742 

Portions of 10 C.C. were taken as before: 
Time after Dextrose 

solution started, Mean CuO, found, Dextrose, 
in hours. gram. gram. per cent. ........................... - - 3 0.0028 

22% ........................... 0.0149 0-0058 5.0 
47 ........................... 0.0163 0.0063 5.5 

119 ........................... 0.0358 0-0139 12.1 
191 ........................... 0.1171 0.0454 15.9 

(from 25 c.c.) 

Although the starch dissolves readily in hydrochloric acid of 
D 1.083, the conversion into dextrose takes place extremely slowly, 
so that  after forty-eight hours only aljout 5 per cent. of dextrose 
has been formed. The value of [a],, calculated as starch from the 
reading after twenty-two and three-quarter hours, is 200'2O. 

E'xperiment 2.-2.2708 Grams of dry starch were added to 
200 C.C. of hydrochloric acid (D15 1-049=10 per cent. HCl), and 
the whole was kept at 1 5 O .  There appeared t o  be very little action 
on the starch, the latter not even being gelatinised. After four 
days the solution was filtered from the starch, and examined in a 
4-dcm. tube at  15'5-16'5O. The reading obtained waa a, 0'412O, 
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DAISH : VELOCITY OF HYDROT,YSIS OF STARCH Ah'D MALTOSE. f"365 

showing that very little starch had dissolved or been hydrolysed 
to dextrose. 

Hence the limiting concentration of hydrochloric acid in which 
potato starch will readily dissolve a t  the ordinary temperature lies 
between D 1.083 and D 1.049. 

K.OTHAAISTED EXPERIMENTAL STATION, 
H AH PE N D EN. 
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